Objectives: To compare the pulmonary function and the body composition between trimesters of pregnancy and, to determine the variables correlated to the peak expiratory flow (PEF) and the expiratory flow between 25% and 75% of vital capacity (FEF 25%75% ).
Methods:
A cross-sectional study examined 120 healthy low-risk pregnant women in the three trimesters of pregnancy, measured by spirometry and multisegmental electrical impedance. Women between the fifth and 40th gestational week, ages between 18-35 years, singletons, and sedentary were included. Smokers, individuals with cardio-respiratory diseases, neurological and chest deformities were excluded. For data analysis, descriptive statistic was used to characterize the sample and analysis of variance for comparing the groups with post hoc Tukey test. The correlation between the independent variables and the flow was performed by Pearson correlation coefficient. Multiple linear regression was used to estimate the degree of relationship between the dependent and independent variables.
Results:
The vital capacity, the expiratory volume in one second, the peak expiratory flow and expiratory flow between 25% and 75% of vital capacity decreased with the progression of pregnancy, but no significant statistically difference was found. An increase of the current weight (p <0.02) and BMI (p <0.003), total body water (p < 0.04), extracellular water (p <0.03), fat mass (p <0.04) and fat-free mass (p <0.04) was observed during the gestational trimesters. There were correlations between PEF and FEF 25%75% with some variables, such as maternal age, height, pre-pregnancy weight, total body weight and extracellular water, lean mass and fat-free mass. The multiple linear regression analysis showed that height and maternal age were
Introduction
During pregnancy, the respiratory system goes through several adjustments resulting from hormonal and mechanical changes [1] [2] [3] [4] due to hormones such as estrogen and progesterone, which predispose to changes in the upper airways mucosa, including increased vasodilation, edema, hyperemia and glandular hypersecretion [1, 3, 5] . Along with these changes occur adjustments to the ribcage, aiming to accommodate the expansion of the uterus that moves the diaphragm in cephalic direction in approximately 4 cm. These changes are the expansion of the anteroposterior and transverse diameters of the chest, around 2 cm, resulting in increase of 5 to 7 cm in the lower chest circumference [1, 5] .
As a result of these changes, there are adjustments in lung volumes and capacities between the 8 th and 10th gestational week, peaking around the 37 th week [2, 5] . It is observed a reduction of expiratory reserve volume (ERV) from 15% to 20% and from 20% to 25% of residual volume (RV), which results in a decreased functional residual capacity (FRC) of 10% to 25 % [1, 3, 5, 6] . Regarding the static lung volumes, studies show that the inspiratory capacity (IC) increases by approximately 5% to 10% resulting from the expansion of the diaphragmatic incursion [1, 5, [7] [8] [9] . This stems from reduced compliance of the lower chest wall along with the elevation of the diaphragm [1, 6] , leading to a small increase or preservation of vital capacity (VC) [1, 3, [6] [7] [8] [9] .
It was noted also that progesterone levels stimulate the respiratory center with increased respiratory drive [1-3, 6, 7] . The minute volume (MV) increases 20% to 50% resulting from the increase of 30% to 50% in the tidal volume (VT) and respiratory rate (RR), which increases about two breaths per minute [1, 3, 6] . Several studies have addressed the airflow mechanics during pregnancy using spirometry. It was observed that the forced vital capacity (FVC) and forced expiratory volume in one second (FEV 1 ) show no significant change [4, [7] [8] [9] [10] and peak expiratory flow (PEF) is unchanged or slightly decreased during the pregnancy [11, 12] .
It seems plausible to consider that progressive gestational changes in the shape and configuration of the abdomen, diaphragm and chest, besides maternal weight gain could compromise lung function during pregnancy. However, most studies establish the influence of age, height and race in changes of lung function [12] [13] [14] . Moreover, other studies have shown that body composition may also influence it [10, 12, 15] . associated with PEF, being responsible for explaining 14.7% of its variability. The pre-pregnancy weight explained 6.5% of the variability of the FEF 25%75% . The multiple linear regression analysis showed that height and maternal age were associated with PEF, explaining 14.7% of its variability.
Despite all that has been exposed, studies that report the influence of anthropometric, obstetric and body composition variables in lung function in a literature review performed in the databases of PubMed/MEDLINE between the years 1970-2016 were scarce, beyond not encompassing the trimesters of pregnancy and reference values for pregnant population were not found.
Therefore, this study aims to describe and compare the pulmonary function and body composition between trimesters of pregnancy and to determine the variables correlated to peak expiratory flow (PEF) and expiratory flow between 25%-75% of forced vital capacity (FEF 25%75% ).
Methods
A cross-sectional study examined 120 low-risk pregnant women between the fifth and 40th gestational week. The study was developed in the Physical Evaluation Laboratory at the University Centro Universitário de João Pessoa (UNIPÊ)-Paraiba/Brazil from November 2015 to May 2016.
Women ages between 18-35 years, singletons, low risk, in the three trimesters of pregnancy and sedentary were included. Those subjects that were unable to undergo the impedance analysis or evaluation of lung or cardiac function or had been diagnosed with a neuromuscular disease, a deformity of the ribcage or presence of metallic devices, such as cardiac pacemakers and smokers were excluded.
For the sample characterization, variables such as maternal age, height, pre-pregnancy weight and body mass index (BMI), gestational age, trimester of pregnancy and fundal height (FH) were collected.
The variables of lung function studied were: forced vital capacity (FVC) and forced expiratory volume in one second (FEV 1 ) expressed in liters (l), expiratory flow between 25% and 75% of forced vital capacity (FEFV 25%75% ) and peak expiratory flow (PEF) expressed in liters per second (l/s) and maximum voluntary ventilation (MVV) expressed in liters per minute (l/min).
The body composition was assessed using the current weight (kg) and BMI (kg/m 2 ), body fat mass, lean mass and fat-free mass expressed in kilograms, total body water (TBW) and extracellular water (ECW ) expressed in liters (l).
The measurement of the fundal uterine height (FU) was performed with the pregnant woman in the supine position with uncovered abdomen and lower limbs extended. The initial end of the flexible and inelastic tape was attached to the top edge of the pubic symphysis, passing it between the index and middle fingers until the cubital edge of the hand reaches the fundus of the uterus [16] .
The height was measured by a stadiometer (Standard Sanny ® -ES 2030-São Paulo, Brazil). For the evaluation, a pregnant woman wore light clothing and was barefoot with heels together and arms relaxed along the body. She was instructed to remain as upright as possible, with the head directed vertically and to take a deep breath at the time of measurement. [17, 18] .
The assessment of the body composition was done by Bioelectrical impedance analysis (BIA) (InBody 720 ® , BSM-230, Seoul, Korea), which uses the direct segmental multi frequency measurement method, through the quadrupole electrode system with eight tactile points -two points on each foot and two in each hand. The measurement of the impedance value of each body segment (right and left arms, trunk, left and right legs) uses the frequencies of 1KHz, 5KHz, 50KHz, 250kHz, and 500KHz 1,000 KHz [19] .
To perform the test, the environment remained with temperature between 23Cº and 25Cº and women were required to a minimum fasting of 4h, to not practice exercise, to wear shorts or lycra pants with top. It was also required that they used the toilet in order to reduce the volume of urine and faeces, as well as remove all the trappings of metals. At the time of measurement, the volunteer was positioned standing on the basis of equipment and centrally on the electrodes, holding the handpie-ces and, keeping slightly open and relaxed arms for about 4 minutes [20] .
After assessment of the body composition, the pregnant woman was invited to have lunch and wait about 10 minutes to then be submitted to the evaluation of the PEF with a spirometer (KoKo ® Spirometer, Fleisch-type, Colorado, USA). The assessment took into account the standards guided by the American Toracic Society (ATS). The spirometer was calibrated before each test and the temperature remained around 23°C to 25°C. The test was repeated at least three times and a maximum of eight to ensure the understanding of the participant, for which the value of the analyzed parameters could not exceed 10% of each measure accepted and the best of the three curves was selected. The procedures were carefully described in order to avoid leakage around the mouth and furthermore, a nose clip was used to prevent leakage of air through the nose [21] .
For the examination, the participants remained seated, keeping upright chest and the head in a neutral position. After some quiet breathing cycles, it was requested a maximum oral inspiration followed by a brief apnea and, soon after, the maximum sustained huffing up maneuver until the capacity of the pregnant woman, for at least six seconds, measuring the forced vital capacity (FVC). From this parameter, the system calculated the PEF. It was given a two minute interval between measurements to provide more rest [21, 22] .
Data analysis was performed using descriptive statistics with calculation of measurements of central tendency (mean) and of dispersion (standard deviation), for the number and proportion variables, for categorical variables to characterize the obstetric and, anthropometric profile of pregnant women. The Kolmogorov-Smirnov test was used to verify the normality of the data. The comparison of means between groups was performed by the unpaired Student's t-test. The Pearson correlation test was used to verify possible correlations between variables. The multiple linear regression model was built to estimate the PFE e o FEF 25%75% . It was considered a 10% significance level for the entry of the variables in the model, withdrawing subsequently all those not persisted associated with a significance level of 5%.
The study was approved by the Human Research Ethics Committee (HREC) of the University UNIPÊ under the CAAE: 50141215.9.0000.5176. All pregnant women voluntarily agreed to participate and signed an Informed Consent Form (ICF).
Results
Data from 120 pregnant were analyzed, being 14 (11.7%) of the first trimester, 74 (61.7%) of the second and 32 (26.7%) of the third trimester of pregnancy (Table 1 ). Figure 1 depicts the flowchart recruitment of volunteers enrolled in the study. As for the evaluated volumes and lung capacities, FVC, FEV 1 , PEF and FEF 25%75% , it decreased with the progression of pregnancy with no statistically significant difference (Table 2) .
With the progression of the pregnancy, the body composition showed changes in all parameters, these being statistically significant. The multiple comparison test of Tukey showed that the current weight, TBW, ECW, lean mass and fat-free mass demonstrated difference between the first and third trimesters (p=0.02; p=0.04; p=0.02; p=0.04; p=0.04, respectively), while the current BMI (p=0.02; p=0.002) and fat mass (p=0.05, p=0.04) showed differences between the 2 nd and 3 rd quarters as compared with the first one (Table 3) .
When correlating PEF and FEF 25%75% with the independent variables, it was observed weak correlations, however significant. A positive and significant correlation was found between maternal age, height, pre-pregnancy weight, TBW, ECW, lean mass and fat-free mass with PEF. Furthermore, the pre-pregnancy weight, current weight, TBW, ECW, fat mass, lean mass and, fat-free mass were correlated positively and significantly with FEF 25%75% (Table 4) .
Through multiple linear regression analysis, it was showed that height and maternal age were independently associated with PEF, being responsible for explaining 14.7% of its variability, reflected by the following equation: PFE = -5.462 + 0.055 x height This article is available at: www.intarchmed.com and www.medbrary.com 6 + 0.070 x age. On the other hand, the pre-pregnancy weight was independently associated with FEF 25%75% , accounting for 6.5% of explaining its variability, resulting in the equation: FEF 25%75% = 2.268 + 0.016 x pre-pregnancy weight (Tables 5  and 6 ).
Discussion
The study suggests that as the pregnancy progresses, the values of FVC, FEV 1 , PEF, FEF 25%75% and MVV in healthy pregnant women do not change. However, the variables of body composition (weight, BMI, TBW, ECW, fat mass, lean mass and fat-free mass) showed a significant increase. The height and maternal age have greater influence on PEF changes, while the pre-pregnancy weight influences FEF 25%75% .
In the current study, FVC, FEV 1 , PEF and FEF 25%75% showed no statistically significant change. These results are grounded in a pertinent literature [3, 4, 7] and have biological plausibility because of hormonal changes such as elevation of progesterone and estrogen and, mechanical changes such as enlarge- ment of the lower chest, elevation of the last ribs and diaphragm allowing an adjustment in breathing function to meet the demands of the mother and fetus without causing repercussions during the gravid state. Our findings show that the assessed respiratory parameters were reduced during the trimesters of pregnancy, but without statistical significance. It is believed that these results may be related to mechanical adjustments imposed by pregnancy, in addition to hormonal changes that provide bronchodilation and facilitate the passage of the airflow.
A cross-sectional study that evaluated fifty pregnant women in the three trimesters of pregnancy and two months after delivery observed that there was no change in FVC and FEV 1 [8] . Another study evaluated lung function by spirometry flow in 51 pregnant women compared with 40 non-pregnant women paired by age. The parameters FVC, FEV 1 , FEF 25%75% showed no significant change during pregnancy [10] , which may be justified by an adaptation of the maternal respiratory system during pregnancy and mechanical influences caused by the elevation of the uterus and enlargement of the rib cage. These studies despite comparing pregnant women with a control group of non-pregnant women showed a small sample. Maybe that's why the results were similar when compared to the current study, since the addressed sample was 120 pregnant women distributed in the three trimesters of pregnancy.
Whereupon, it is observed that during a healthy pregnancy there is no imposition for the passage of the airflow reflecting in maintenance of the ventilatory parameters, results envisioned in this study. The hormonal influence, especially by the action of progesterone in the bronchi, allows that the airway conductance remain in normal state, thus resulting in pervious roads, imposing no change in FEV 1 or FVC [2, 3, 23] .
Several cross-sectional and longitudinal studies [7, 10, 24] have been conducted showing results that support this research, in which there were no changes in the evaluated respiratory parameters. It is suggested that these responses are due to changes in bronchial tonus, as well as the accommodation of the ribcage with the elevation of the uterus and therefore of the diaphragm, allowing volumes and capacities to remain with little or no modification, since the mechanical changes will be adjusting to the development of the pregnancy cycle.
In our observations, the PEF average values were also reduced when compared during the trimesters of pregnancy, although not statistically significant. Similar results were found in other studies [12, 13, 25] . It is noticed that these changes may be related to body weight gain during pregnancy and mechanical factors that cause restriction in diaphragmatic incursion, thus decreasing the FVC. Nevertheless, the hormonal action, especially of the progesterone, promotes bronchial dilation reducing airway resistance without bringing impact on pulmonary function.
It was also possible to notice that some studies showed different results of the current research with changes in FVC and PEF statistically significant. A longitudinal study followed sixty pregnant women during the three trimesters of pregnancy and ten weeks after delivery, observing a reduction of the PEF by comparing pregnant and non-pregnant women values. The authors suggest that the increase of the abdomen provides reduction in force of contraction of the abdominal and inner intercostal muscles, leading to a decrease in the output air speed, since the PFE is a dependent effort maneuver [13] .
We believe that our research has revealed different results due to the study type, which was cross-sectional, and to the non-involvement of a control group of non-pregnant women. With this control group, it would be expected to find differences, since the gravid state imposes mechanical and hormonal adjustments to suit the mother and the fetus needs.
Another cross-sectional study evaluated 150 pregnant women, 50 in each trimester and compared with 50 non-pregnant women aged between 19-35 years. There was a decrease in PEF in the three quarters when compared to the control group [26] . Thus, it can be explained that the study design did not affect the result, but the presence of a control group of non-pregnant women did.
Given the above, coupled with the fact that studied respiratory parameters do not show changes, it is suggested that the morphological, physiological and mechanical adaptations of the respiratory system minimize the progressive changes in the form and abdomen configuration, chest and diaphragm wall, thereby, maintaining adequate ventilation without repercussions for mother and fetal growth.
In the present study, differences in body composition were observed when comparing pregnant women between the trimesters. There was a statistically significant increase in the average values of the current weight, current BMI, TBW, ECW, fat mass, lean mass and fat-free mass. These results can be explained due to the increase in body weight with the advancement of pregnancy resulting from the growing fetus, the pregnant woman's weight gain, as well as the expansion of blood volume, wherein the TBW rises approximately from 5 to 8 liters in a term pregnancy [27] to suit the demands of the gravid state and to not compromise fetal growth [28, 29] .
In a study that evaluated 170 healthy pregnant women, ages 22-44 years old during the gestational trimesters using analysis by quadrupole bioelectrical impedance analysis (BIA), it was observed an increase of the body weight, TBW, ECW, intracellular water (ICA) with progression of pregnancy, demonstrating that the fat deposition and increased fluid retention appear to be responsible for the pregnancy weight gain [34] . To evaluate the ECW and TBW behavior during pregnancy, 63 women were evaluated using the BIA and accompanied during the trimesters of pregnancy. Fifty women had a normal pregnancy and 13 had hypertension during pregnancy. There was a significant increase in the TBW and ECW in the healthy pregnant women, while in the hypertensive pregnant women group there was a decrease with the unfolding of the pregnancy, reflecting in poor hemodynamic adaptation [31] , showing that the monitoring of these parameters can help to control high blood pressure.
In our research, we observed that the body composition of pregnant women rose during the trimesters, but it remained within the normal range [27] . Studies show that overweight and obesity during pregnancy can have a negative effect, predisposing the onset of asthma, hypertension, diabetes, among other complications [27, 28, 32] . These findings confirm the importance of pregnant women to maintain healthy lifestyle habits such as: proper nutrition, physical activity-oriented by a health professional to preserve the normal parameters of body composition preventing diseases or injuries.
Most studies that address the assessment of pulmonary function in pregnant women, lists the studied parameters with age, height, race and body weight, in which was observed weak correlations. In this sense, knowing that the changes in body composition during pregnancy can have a negative impact on the health of pregnant women and that, there are only few studies that have considered the influence of body compartments in lung function, this study aims to give a better direction to studies that evaluate lung function and body composition in pregnant women, and this is our main contribution.
By correlating PEF and FEF 25%75% with independent variables, it was noticed that the anthropometric and body composition variables showed an positive association, corroborating with the results of similar studies [12, 13, 15, 33] . The data found in our study elucidated that age, height pre-pregnancy weight and the variables of body composition, except for the fat mass were positively correlated with PEF and FEF 25%75% , while the pre-pregnancy weight and body composition variables were associated with FEF 25%75% .
In order to investigate maximum peak flow values in pregnant women and to correlate it with BMI, age and maternal height, a study followed 26 pregnant women aged 16-36 years. It was observed that women with greater height and higher prepregnancy BMI had higher flows, indicating that these parameters can influence lung function [12] .
From our findings, it is clear that lung function, PEF and FEF 25%75% are correlated with anthropometric and body composition variables, and that these pass through several changes during the progression of pregnancy. Thus, it highlights the importance of developing more assertive strategies for the promotion of a pregnant woman's health, since an inadequate weight gain during the pregnancy cycle can negatively affect lung function.
In a multiple linear regression analysis was found that the height and maternal age were associated with PEF, being responsible for explaining 14.7% of its variability, while the pre-pregnancy weight was independently associated with FEF 25%75% , explaining 6.5% of its variability. Furthermore, it is clear that changes in lung function of low-risk and sedentary pregnant women are influenced by age and anthropometric data, and not by the variables of body composition. In this regard, it is emphasized the importance of the development of longitudinal studies in order to obtain more reliably aspects influencing changes in PEF and FEF 25%75% in pregnant women.
Conclusion
Therefore, through the methodological control of procedures and representativeness of the sample, it can be considered that the results may represent the PEF behavior and FEF 25%75% during a low-risk pregnancy, in the age range of 18-35 years.
Furthermore, corroborating the results presented in the literature, which show that the variables that influence lung flows refer to age, height and prepregnancy weight, it is concluded that the adaptations that occur in the endocrine, cardio-respiratory, musculoskeletal and nervous systems can preponderate over the changes in maternal body composition with the progress of pregnancy, maintaining lung function without harm to the mother and the fetus.
Thus, this result suggests that in healthy pregnant women with appropriate body weight, the PEF changes are associated with height and maternal age, as well as changes in FEF 25%75% are associated with pre-pregnancy weight. It is noteworthy that no interference was observed in body composition of pregnant women, even measured by bioimpedance technology on the PEF and FEF 25%75% .
Whereas there are few studies with healthy pregnant women that take into account obstetric (GA and FH) and body composition variables contributing to the changes in lung function, it is suggested the continuity of the study including, besides the group control, a longitudinal monitoring of pregnant women to better assess both variables of body composition and other obstetric characteristics that may influence lung function.
Another important aspect is the absence of normal ranges for the studied population; therefore, further studies are needed in order to build a pattern that serves as a reference, especially in the monitoring of pregnant women with respiratory diseases such as asthma or other complications that can compromise lung function. This article is available at: www.intarchmed.com and www.medbrary.com
